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In this paper, the proposed antenna consists of a single transmission line for 
6-elements microstrip array antenna using Rogers RT5880 substrate material
with a dielectric constant (εr) of 2.2 and thickness of 0.787 mm for navigation
applications. The array structures of unequal patches placement are proposed
with corporate feed line and H-shaped configurations are employed on the
substrate and used the microstrip feed line with a corporate feed network
excited via 50 Ω with T-junction method to control the feed for each group. 6-
elements microstrip array antenna has operated at the resonant frequency of
1.27 GHz was obtained between the frequency from 1.2663 GHz to 1.2734
GHz where the S11-parameters of the structure designed and simulation
below than <-10 dB. The analysis shows the antenna gain has increased
72.6% with high directivity as compared to single elements microstrip
antenna. The radiation characteristics and other array parameters are
evaluated with respect to the application requirements. However, circular
polarization has obtained in 6-elements array antenna as the axial ratio is
successfully achieved below than -3dB. The antenna efficiency, the current
distribution, VSWR, and S11-parameters of the proposed 6-elements CP
microstrip array antenna have been presented and discussed in detail. The
design methodology and the measurement results have been presented and
discussed in this paper.
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1. INTRODUCTION
Satellite navigation system uses satellites to provide information on geographical location [1]. The 
system allows small electronic receivers to determine their position (latitude, longitude, altitude and altitude) 
with high accuracy using time signals transmitted by satellite radio. The main motivation for the invention of 
satellite navigation systems is to develop a low profile and lightweight with excellent performance. The 
circularly polarized (CP) performance of antenna become the main characteristics in the global position 
system (GPS) due to higher probability of successful link [2]. Generally, the CP array antenna is designed 
based on the limited radiating patches and the feeding network. Feed networks techniques have been studied 
such as cross-aperture coupled [3], hybrid coupler [4, 5] and sequentially rotated feed [6] to obtain circular 
polarisation. In this array antenna, corporate feed is the most widely used feeding techniques [7] to fabricate 
the array antenna due to the incident power is equally splitting and distributing to the individual antenna 
elements. Antenna arrays have become one of the important options in the CP antenna. The specific current 
distribution can be achieved by the feeding mechanism and properly arranging the radiating elements [8]. 
The corporate feeding technique can provide power splits of 2K (where k= 2; 4; 8; 16…..). The patch 
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elements are connected by using λ/4  impedance transformers. The wavelength of λ/4 above ground or on 
other surfaces with conducting abilities allow the radials to react as a near-perfect ground system catered for 
the electromagnetic field. At the same time, the antenna will experience a high radiation pattern. All these 
can be independently considered where the process of designing the array antenna can be separated by 
individual phases.  
The reason is mainly due to the difficulty of designing a 3D feed network configuration at low 
frequencies while considering the return loss, bandwidth and gain behaviour [9]. The 2×3 element full metal 
corporate feed antenna array for the circular polarization application was proposed and close attention should 
be paid to both the polarised feed networks design and the fabrication process [10]. Currently, most of the 
circularly polarised antenna array studied are in the form of microstrip structures or printed circuits [11]. 
These 3D designs are preferred candidates because the routing of feed networks is a low profile [12]. 
Nevertheless, the downsides of these designs include significant losses at higher frequencies, surface waves 
excited on the substrate and limited power handling capacity [13]. Although such corporate feed arrangement 
can help in improving the operational bandwidth and the space available for the feed network is intrinsically 
limited by the radiating element [14,15].  
Series-corporate feed network also is reported [16] to perform circularly polarization. This means 
that the elements will experience spatial distribution and to ensure optimal performance, the phases and 
magnitudes at every element must be tuned accordingly [17]. While the rectangular waveguide is of 
corporate feed for wideband purposes [18-20]. Moreover, in order to reduce the long line effect from the 
series feed and extricate it from space limitation due to the radiating element with a T-junction waveguide 
power divider to form a complete feed network [21]. The hybrid solution is applied here for designing 2×3 
antenna array with circular polarization, broad bandwidth, high isolation and circular polarization 
characteristics [22, 23]. These antennas reported in the literature have an excellent axial ratio which is less 
than 3dB and good radiation performance, but expanding large-scale antenna. The stripline is arranged in a 
series feed form to excite all the radiation directly and retain its low loss at the resonant frequency [24]. 
In this paper, a series–corporate hybrid feed technique is implemented to design the circularly 
polarized feed networks. A low profile microstrip patch array that able to generate CP with high gain 
performances is designed. 6-elements of microstrip array antenna is compared with a single antenna to study 
the directivity and the gain There are certain factors involved in determining the radiation pattern, axial ratio 
and S11-parameters. The antenna design and result analysis are discussed in the following sections. 
 
2. ANTENNA DESIGN 
The proposed antenna of the rectangular single element patch antenna is designed using Rogers 
RT5880 substrate which is having a dielectric constant of εr= 2.2 and the tangent delta loss of 𝑡𝑎𝑛𝛿= 0.0009 
dB. The size of a single element antenna is 160 x 160 x 0.787 mm3 with the thickness of the substrate h= 
0.787 mm. The Rogers RT5880 substrate is chosen in order to meet the demand for high gain. On the top 
layer, the rectangular shaped radiating patch and the bottom side are layered with the full conducting ground 
plane as depicted in Figure 1(a). Further, the antenna element is excited by the electrical signal feed with a 50 











C₀= Speed of Light in Free Space. 
fr = Resonance Frequency.  
εr= Permittivity Constant of Dielectric Substrate. 
 
The length of a rectangular patch antenna is normally chosen in the range of 0.333 λ < L < 0.5 λ. 
When the patch is excited by the line feed, a charge distribution was established on the ground plane and on 
the downside of the patch. The ground plane is negatively charged and the patch positively charged by the 
excitation. Attractive forces were generated between the ground plane, the patch and this produces fringe 
fields. This fringing effect is equivalent to an extension of the patch by a distance (∆L). The effective 
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For W/h > 1. 
















The length of patch antenna (L) calculate by: 
 
 
 L = 𝐿𝑒𝑓𝑓 − 2∆𝐿 (4) 
 





− 2∆𝐿 (5) 
where. 
Vo = Velocity of Light 3x108 m/s. 
  










The impedance (Z₀) calculate by: 
 










λ = Wavelength.  
d = Inset distance from radiating edge. 
Rin = Resonance Input Resistance, when the patch is feeding at radiating edge. 
 
For practical considerations, it is essential to have a finite and infinite ground plane that can be 
obtained if the size of the ground plane is greater than the patch dimensions by approximately six times of the 
substrate thickness all around the periphery. According to the design equations, the antenna dimensions are 
obtained. The ground plane dimensions calculate by: 
 
 𝑊𝑔 = 2 × 6ℎ + 𝑊𝑝 (9) 
 𝐿𝑔 = 2 × 6ℎ + 𝐿𝑝 (10) 
 
 
Figure 1. (a): Single element antenna. (b): 6-element microstrip antenna. 
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In proposed the array design antenna, 6-elements of microstrip antenna is designed with width patch 
antenna is 86.97 mm and the length patch antenna is 79.80 mm by using a single microstrip feed line that is 
T-junction power divider. The corporate feed branch is proposed at the 50 Ω impedance where the width and 
length of the feed line is remained from single element. Middle series feed antenna with unbalanced radiating 
elements is proposed for different current distribution [26]. The antenna elements are arranged at separation 
less than wavelength accordingly as shown in Table 1. In this array antenna design, elements are arranged 
vertically using d1 and d2 while from edge to edge, each antenna of λ/2 and d3 spacing between group arrays 
are applied. This dimension must be optimized to obtain the best performance as stipulated in the 
specification of this project. The dividing branches are designed with 200 Ω impedance, where the radiating 
elements are placed in unbalance number which is 2x2 and 2x1 elements as shown in Figure 2(a).  
There are four elements in the group is employed in left side meanwhile two elements are employed 
on the right side that can perform different power divider. Thus, a different impedance of microstrip feed 
alteration is connected via a quarter wavelength transformer. The H-shaped configuration on the left side for 
matching line is performed at 35.335Ω impedance and the dividing branches with quarter-wavelength are 
70.07Ω impedance. In the right side, the center feed branch is 35.335Ω impedance and the dividing branches 
are 100Ω impedance as only two radiating elements are employed. This array configuration comprises a 
novel corporate feed architecture to perform circular polarization. 
 
 
Figure 2. (a): 6-element array microstrip antenna. (b): Surface distribution currents. 
 
Figure 2(b) exhibits the simulated current distribution for 6-elements array and the currents flow 
stronger on the left side as only 2 radiating patches are applied. However, more current distributed on patches 
4, 5 and 6 as these patches are connected in short path from the main feed point. On the other hand, the area 
out of phase of current distribution performed as the current flow along the feedline. This contributes to the 
performance of circular polarization. 
 









Wp 86.97 86.97 Width Patch 
Lp 77.88 77.80 Length Patch 
W 160.0 370.0 Width Substrate 
L 160.0 270.0 Length Substrate 
Wf 2.44 2.43 Width of Feed line 
Lf 43.22 43.20 Length of Feed line 
h 0.787 0.787 Thickness Substrate 
t 0.035 0.035 Thickness of Copper 
d1 - 31.03 Horizontal Distance of Each Elements 
d2 - 40.20 Vertical Distance of Each Elements 
d3 - 31.03 Spacing between group Array 
 
3. RESULTS AND DISCUSSION  
Comparison between the simulated and measured results for the single element and 6-element 
microstrip array antenna are discussed in this section. The placement of radiating patches in array design has 
increased of antenna size, but improve the performance of the bandwidth, directivity and gain. Figure 3 
shows the comparison S11-parameters of measured and simulated which is below -10 dB for the proposed 
antenna design at the resonance frequency of 1.27 GHz. For the simulation results S11=-26.52 dB is shown in 
Figure 3(a), that has been dropping to the negative value more than the measurement results of S11=-12.20 
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dB with the narrow bandwidth of the simulation results of BW=6.86 MHz. The antenna gain and directivity 
of simulation results are 5.4 dB and 7.82 dB respectively.  
For achieving the design of GPS antenna applications, the specification of the operating frequency 
and the substrate material used for 6-element array antenna was initially selected to be 1.27 GHz. As 
expected, the operating frequency 1.27 GHz was obtained between the frequencies from 1.2691 GHz to 
1.2771 GHz, where the comparison between the simulation and the measurement results of S11-parameters 
for the structure designed lower than -10 dB is shown in Figure 3(b). For the simulation results S11=-40.78 
dB has been dropping to the negative value more than the measurement results of S11=-18.31 dB, this 
difference between them because, the SAM was poorly connected to the microstrip line feed. The bandwidth 
of the simulation results of bandwidth is 6.92 MHz. 
Frequency / GHz
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(a)                                                                   (b) 
Figure 3. Comparison between simulation and measurement results of S11 for (a): single element, (b): 6-
element array. 
 
Figure 4 shows the comparison between the measurement and simulation results for the radiation 
pattern of a single element microstrip antenna which are E-plane (Phi=0.0˚) and H-Plane (Phi=90.0˚). The 
main lobe direction is 0.0˚ degree and the angular width 3dB is equal to 33.9˚ degree. The side lobe level is 
equal to -17.4 dB for the E-Plane (Phi=0.0˚). On the other hand, the main lobe direction is 90.0˚ degrees and 
the angular width 3 dB is equal to 93.3˚ degrees. The side lobe level is equal to -13.6 dB for H-plane 
(Phi=90˚) at the resonance frequency 1.27 GHz. The radiation pattern gain of a single element for the main 
























































(a)                                                           (b) 
Figure 4. Comparison radiation pattern of simulated and measured results for single element. (a): E-Plane 
(Phi=0.0˚). (b): H-Plane (Phi=90.0˚). 
 
As compared to the measurement results of the radiation pattern for 6-element array antenna, the 
main lobe magnitude is equal to 10.11 dB as shown in Figure 5(a). The main lobe direction is 90.0˚ degree 
and the angular width 3dB is equal to 53.5˚ degree. While the side lobe level is equal to -24.8 dB for H-Plane 
(Phi= 90˚) at the resonance frequency 1.27 GHz. The radiation pattern gain for the 6-element of the main 
lobe magnitude is equal to 10.11 dB as shown in Figure 5. Moreover, the setups number even adds and the 
central setup was executed than the radiation pattern maximum is normal to array antenna of the z-axis. The 
executed setup was not symmetrically located relative to the antenna center. Then the main lobes that deflect 
to the executed setup. In addition, the improved number of the radiation elements were increased with a high 
directional pattern of the radiation pattern. 
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                                                        (a)                                                      (b) 
Figure 5. (a): Comparison radiation pattern of simulated and measured results for 6-element. (a): E-Plane 
(Phi=0.0˚). (b): H-Plane (Phi=90.0˚). 
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AR < 3 dB
 
Figure 6. Measurement results of AR for 6-element array antenna. 
 
Comparison between the measurement and simulation results for the axial ratio of 6-element 
microstrip array antenna as shown in Figure 6. The axial ratio has been lower than 3 dB between 0.0˚ to 
360.0˚ of AR=0.53 dB. The direction of a circularly polarized wave is determined by the rotation 
direction of the vector E-plane as it describes the right-hand circular polarization (RHCP) of the 
microstrip array antenna at the resonance frequency of 1.27 GHz  
 
         Table 2. Comparison between single element antenna and 6-element array antenna. 
Parameters 
Single Element Microstrip 
Antenna 
6-Element Array Microstrip 
Antenna 
Simulation Measurement Simulation Measurement 
S11 -26.52 dB -12.20 dB -40.78 dB -18.31 dB 
Bandwidth 6.86 MHz 8.23 MHz 6.92 MHz 29.72 MHz 
Gain 5.40 dB 4.70 dB 10.11 dB 8.11 dB 
Directivity 7.82 dB 7.79 dB 12.96 dB 13.54 dB 
VSWR 1.09  1.48 1.10  1.65 
Polarization LP LP RHCP RHCP 
Axial Ratio - - 0.53 dB 1.70 dB 
4. CONCLUSION  
In this paper, the measurement results of 6-element microstrip array antenna using Rogers RT5880 
was improved and performed high gain. The increment of antenna gain has been achieved through the 
addition of radiation elements in the array antenna structure. From the measurement results, there was 72.6 % 
increase of antenna gain after adding the 6 radiating elements to the proposed array antenna. For the 
directivity of the proposed array antenna, it is performed of 74 % increase with a high directional pattern of 
the radiation pattern. On the other hand, circular polarization has been typically obtained, when an array 
antenna structure was excited using a series–corporate hybrid feed at the impedance 50 Ω. AR was performed 
lower than 3 dB  with a wide angular range for the proposed array antenna.The thickness of the substrate 
makes it possible is to achieve a narrower antenna beamwidth and this supports the GPS applications as the 
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angle between the half power beamwidth (HPBW) around -3 dB. This was improved for the matching 
impedance as well as reducing the substrate’s active permittivity and where the percentage of an antenna 
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